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Minnesota Duluth, Duluth, MinnesotaFIGURE 1 (Left) In the case of milk sphingomyelin (SM) and interdigitating chains, all fluorescent
probes exhibited very similar behavior (partitioning) in the outer and inner leaflets, indicative of strong
interleaf coupling. The blue regions represent liquid-ordered domains with similar physical-chemical
properties from which all fluorescent probes were excluded. (Right) In the case of egg SM and no
interdigitation, the coupling was weaker, with a probe exhibiting different behaviors in the two leaflets.
Thus, the degree of SM chain interdigitation controlled the strength of interleaflet coupling, and, ulti-
mately, the organization of the membrane.Plasma membranes are believed to be
highly heterogeneous, and to contain
coexisting liquid-ordered domains
(known as rafts), which are enriched
in cholesterol and sphingomyelin, and
liquid-disordered domains. Similar
heterogeneities exist in synthetic mem-
brane systems. Previous studies of
asymmetric lipid bilayers have demon-
strated that the presence of domains in
one (outer) leaflet of the bilayer can
induce domain formation in the other
(inner) leaflet, a phenomenon known
as interleaflet coupling (1–3). Factors
that promote interleaflet coupling,
however, have remained unknown.
The work of Lin and London (4), in
this issue of the Biophysical Journal,
shows that the acyl-chain length of
the raft component sphingomyelin,
which affects its ability to interdigitate
into the inner leaflet, is one such factor.
To establish an adequate model sys-
tem for studies of interleaflet coupling,
Lin and London (4) first developed a
protocol to prepare asymmetric vesi-
cles with controlled lipid composition,
and used it to make vesicles with
cholesterol, SM (sphingomyelin), and
DOPC (dioleoylphosphatidylcholine)
in the outer leaflets, and cholesterol
and DOPC in the inner leaflets. The
cholesterol concentration of 37% was
physiologically relevant and the lipids
used in the inner leaflet were known
to not phase-separate spontaneously.
To follow the formation of domains,http://dx.doi.org/10.1016/j.bpj.2015.03.057
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cal properties of these domains, the
authors relied on the domain-partition-
ing properties of several fluorescent
probes. They first showed that two of
the fluorescent probes were depleted
in the in-register liquid-ordered do-
mains in both leaflets, supporting the
ideas of inner-leaflet domain induction
and interleaflet domain coupling.
Next, to investigate whether the de-
gree of protrusion of a SM acyl chain
into the lower leaflet can affect domain
coupling, the authors worked with two
different sphingomyelins, extracted
from either milk or eggs. Milk SM is
rich in long acyl chains with 22–24 car-
bons, while egg SM acyl chains are
predominantly 16 carbons in length.
Therefore, milk SM, but not egg SM, is
expected to induce acyl-chain interdigi-
tation. The authors observed different
degrees of coupling in the two vesicles.
In the case of milk SM and interdigi-
tating chains, the coupling was strong,
manifested invery similar behavior (par-
titioning) of all the fluorescent probes in
the outer and inner leaflets (Fig. 1, left).
In the case of egg SMand no interdigita-
tion, the couplingwas weaker, as judged
by the different behavior of a probe in
the two leaflets (Fig. 1, right). Thus,
the SM chain length, and the degree ofinterdigitation, affected the organization
of the membranes by controlling the
strength of coupling of the domains in
the two leaflets.ACKNOWLEDGMENTS
The authors thank Michelle Botts, a junior
majoring in Biochemistry while practicing
Biophysics and Graphical Design at the Univer-
sity of Minnesota Duluth, for her artistic rendi-
tion of lipid rafts and interleaflet coupling.REFERENCES
1. Collins, M. D., and S. L. Keller. 2008. Tuning
lipid mixtures to induce or suppress domain
formation across leaflets of unsupported
asymmetric bilayers. Proc. Natl. Acad. Sci.
USA. 105:124–128.
2. Visco, I., S. Chiantia, and P. Schwille. 2014.
Asymmetric supported lipid bilayer formation
via methyl-b-cyclodextrin-mediated lipid ex-
change: influence of asymmetry on lipid
dynamics and phase behavior. Langmuir. 30:
7475–7484.
3. Wan, C., V. Kiessling, and L. K. Tamm. 2008.
Coupling of cholesterol-rich lipid phases in
asymmetric bilayers. Biochemistry. 47:2190–
2198.
4. Lin, Q., and E. London. 2015. Interleaflet
coupling in cholesterol-rich asymmetric vesi-
cles induces interdigitation-enhanced ordered
domains (rafts) in inner leaflets composed
of lipids highly resistant to raft formation.
Biophys. J. 108:2212–2222.
